Infective endocarditis following cardiac surgery occurs in about 1% of cases (Block et al., 1970) . Most of these infections are caused by bacteria but in recent years there have been more frequent reports of fungal infections on artificial heart valves and attention has been drawn to clinical, laboratory, and pathological differences in presentation between endocarditis caused by these agents and bacteria (Andriole et al., 1962;  Kammer and Utz, 1974) . The first case of Aspergillus prosthetic valve endocarditis was reported by Newman and Cordell in 1964 and they found only six published cases of endocarditis caused by this organism up to that date. Stimulated by the occurrence of this condition after mitral valve replacement in a 13-year-old girl, Kammer and Utz found and reviewed 39 other cases of Aspergillus endocarditis, 24 of these patients having received prosthetic valves or homografts. The increase in the number of reported cases parallels the development of cardiac surgery and particularly the increased numbers of prosthetic valves implanted (Engelman et al., 1973 The operations were performed by three cardiothoracic surgeons at the regional cardiothoracic centre for South Wales. Routine antibiotic prophylaxis, usually ampicillin and cloxacillin, was started on the morning of operation and given sixhourly until the eighth postoperative day. Further courses of antibiotics were prescribed as necessary according to the clinical and bacteriological situation. No antifungal agents were given prophylactically. None of the patients reported had previously suffered bacterial endocarditis and none had received a course of antibiotics in the month before surgery.
Oral anticoagulation was begun routinely on the third postoperative day when drainage tubes had been removed, and the dosage was adjusted according to daily Thrombotest results. At (Fig. 6 ).
CASE 4 After mitral valve replacement in a 43-year-old woman the postoperative course was complicated by a transient fever lasting four days, but she then remained well until discharge on the 43rd day. One month later she was found to be in heart failure with a pansystolic murmur at the apex but there was no fever. Diuretics and digitalis were prescribed. She was readmitted as an emergency on the 100th postoperative day with a three-week history of headache, nausea, and intermittent fever with rigors. She had received three different antibiotics without effect. Examination revealed mitral regurgitation, hepatomegaly, photophobia, and neck stiffness. The haemoglobin was 10-5 g/dl, sedimentation rate 100 mm in the first hour, and white cell count 230XI09, 88% of which were polymorphs. A lumbar puncture produced a uniformly bloodstained fluid. A diagnosis of infective endorcarditis with mitral valve detachment was made. Blood cultures were negative for bacteria and fungi and no precipitins to A. fumigatus were found in the serum. Her condition did not respond to parenteral broad-spectrum antibiotics, and intravenous amphotericin B was added. She deteriorated further and developed left hypochondrial pain with radiation to the tip of the left shoulder. She died in coma on the 143rd postoperative day.
Necropsy The mitral valve was detached and partially occluded by pale, friable vegetations on the atrial aspect, leaving only a one centimetre circular eccentric orifice (Fig. 7) . There was minor incompetence from the detachment, but the ball was capable of proper seating. A recent wedgeshaped infarct was found in the spleen and a large infarct in the left kidney, and the left middle cerebral artery was occluded by brown 'thrombus' Necropsy The prosthetic valve was well seated but the orifice was almost completely occluded by firm, pale 'thrombus' (Fig. 10) In all but one patient in this series the onset of clinical illness was delayed, six of the patients being discharged well from hospital yet it is of interest to note the rapidly progressive terminal illness in cases 1,2,3, 5, and 7. The onset of illness after operation in our patients ranged from the 12th to the 102nd postoperative day although it has presented as early as the first day (Chaudhuri, 1970; Newman and Cordell, 1964) or as late as 23 months after surgery (Hairston and Lee, 1970 Although fever was present in all 12 cases of bacterial prosthetic endocarditis reported by Block et al. (1970) , in 21 cases of Candida endocarditis described by Andriole et al. (1962) , and in 33 out of 35 cases of Aspergillus endocarditis reported by Kammer and Utz (1974) , we would emphasize that this condition may be present in an afebrile patient. The embolic manifestations also differ from bacterial endocarditis, the characteristic feature in fungal endocarditis being the involvement of large or medium-sized arteries to major organs or limbs. In three patients in this series (1, 4 , and 6) there were good clinical grounds for suspecting emboli to spleen, brain, and either kidney or spleen respectively. These lesions were confirmed at necropsy with obstruction of large or medium-sized arteries. Other reports confirm that common sites for cmboli in fungal endocarditis are the major arteries to the brain, kidneys, spleen, and limbs (Andriole et al., 1962; Kammer and Utz, 1974) .
All our patients developed cardiac failure as is commonly found with bacterial endocarditis on prosthetic valves (Shafer and Hall, 1970) . Prosthetic valve incompetence may result from detachment due to technically inadequate sutures, softening of paravalvar tissues by infection, or failure of ball or disc seating due to thrombus or vegetations. The appearance of new murmurs was noted in all our patients and careful auscultation for mitral diastolic murmurs or alterations in opening valve clicks can be valuable signs of obstruction to prostheses. In five cases a pansystolic murmur was heard at the apex, and two patients also had apical diastolic murmurs (cases 3 and 7). Both were hypotensive and in pulmonary oedema and were found to have severe obstruction of the mitral prosthetic ring on the atrial aspect. Two other patients (cases 5 and 6) were hypotensive and in pulmonary oedema and their mitral prostheses were obstructed although diastolic mitral murmurs were not heard. Valve detachment was found in two patients and the fungal endocarditis was considered the cause. Fourteen out of 24 cases of Aspergillus prosthetic endocarditis reviewed by Kammer and Utz (1974) developed murmurs, and in one the disappearance of the opening click of a Starr Edwards aortic prosthesis was noted.
We did not find haematological investigations helpful in diagnosing this condition. The haemoglobin was normal in three out of five patients and the white cell count raised in four due to increased numbers of neutrophils. One patient (case 6) was considered to have mechanical destruction of erythrocytes due to a leaking aortic prosthesis. It was not thought that fungal infection had caused detachment of this valve. Our haematological findings concur with those of Kammer and Utz (1974) who found the white count commonly raised, but anaemia was absent in twothirds of their series.
A major difficulty in making the diagnosis in life was the failure to grow the organism even on Sabouraud medium and this has been the experience of other authors. Only three out of 37 patients reviewed by Kammer and Utz (1974) had positive blood cultures and cultures were even negative in a patient with profuse purpura and other evidence of embolism (Harford, 1974) . This contrasts strongly with the ease with which the pathogens can be cultured in Candida endocarditis (Andriole et al., 1962) . Possible reasons for the difficulty in culturing Aspergillus species may be: (1) Growth of Aspergillus is vegetative and sterile and the organism does not sporulate in blood. Fungaemia is probably not a true infective fungaemia but the breaking off of large fungal masses which, unlike bacterial endocarditis (Werner et al., 1967) , is probably intermittent. Even blood taken within six hours of death from the left atrium near an infected mitral prosthesis was negative on culture (personal observation).
(2) The spores are readily ingested by phagocytes but may not be completely killed (Mullins, 1975) . Although the organism grows adequately on most culture media at 370C perhaps the initial intracellular existence of the organism slows the growth of the fungus, causing a balance between infection and host response which may explain the long symptom-free interval noted in this and other series and the negative blood cultures.
(3) Blood culture sampling is usually from veins but since 95% of Aspergillus valve infections are in the left heart the embolic fungal mass may be too large to pass through the systemic capillary circulation. However, arterial samples were obtained in two of the patients reviewed by Kammer and Utz (1974) (Mullins, 1974) . It is, therefore, concluded that the majority of our patients underwent surgery in a particularly heavily contaminated fungal environment but that the last case occurred when the Aspergillus content of the theatre air was that which may be found in any operating theatre where constant attention to the filters is not rigorously maintained. Gage et al. (1974) (Mullins, 1975) . It is an opportunist organism which can proliferate in an apparently immunologically normal host in a preformed lung cavity or in a haemothorax (Hiddleston, Rosser, and Seal, 1954) . Systemic infection occurs when the immune response is altered by disease, cytotoxic drugs, or corticosteroids or when broadspectrum antibiotics eliminate competitive body flora.
In cardiac valve replacement there is the abnormal situation of a foreign body in the circulation upon which the fungal mycelium can proliferate. Although all our patients received broad-spectrum antibiotic prophylaxis there was no difference in the prescribing of these drugs in the infected and the non-infected group. While corticosteroids are now commonly used prophylactically, at the time of this outbreak they were administered in selected cases only, and five of our patients did not receive them. Engelman et al. (1973) suggested that duration of operation was a relevant predisposing factor since it may affect the size of the infecting dose. Similarly, Lee et al. (1961) showed that bactericidal properties of blood may be altered by protein denaturation at the oxygenation membrane interface of the heart-lung apparatus and could be a further reason why prolonged operations would predispose to infection.
We find little support for these suggestions since the mean perfusion time for single mitral valve replacements in our series was 2 hours 3 minutes compared with a mean perfusion time of 2 hours 4 minutes for all other single mitral replacements although the mean time for double valve replacements was 2 hours 46 minutes compared with 3 hours 48 minutes in patient 6. Infective pathogens have been recovered from the heart-lung apparatus itself (Yeh et al., 1967) although this was not the experience of Hairston and Lce (1970) nor in the present series.
Infection on prosthetic valves is notoriously difficult to cure even when the organisms are sensitive to chemotherapeutic agents and valve replacement plus drug therapy has been necessary to achieve cure in most of the reported cases. Hairston and Lee (1970) reported cure of Aspergillus prosthetic endocarditis on a mitral valve, which had become detached, by valve replacement but no antifungal agent was given, the diagnosis being made by culture of the removed valve. Amphotericin B alone has been given to several patients (Caplan et al., 1968; Hairston and Lee, 1970) but without success although cure with antifungal therapy alone in Candida endocarditis has been achieved in this department (Boyce, 1975) and has been reported in Candida endocarditis occurring both before and after surgery (Andriole et al., 1962; Conway et al., 1968) . A further recent report of cure of Aspergillus ustus endocarditis with amphotericin B, 5 fluocytosine, and surgical removal of an aortic Starr Edwards ball valve (Carriza et al., 1974) emphasizes the need for a combined medical and early surgical approach in the management of this condition.
